Palm oil mill effluent (POME) contains approximately 6% fiber. The effectiveness of pre-treatment on POME can serve a very good feedstock for hydrogen production in fermentation process. In this research, the effectiveness of pre-treatment methods on POME treated using acid and base were analysed based total carbohydrate and reducing sugar content. By using 1M NaOH with heat treatment, 26.12% carbon source converted to reducing sugar while by using 1M H 2 SO 4 with heat treatment , over 32.09% carbon source converted to reducing sugar. The highest increment of total carbohydrate where from acid-heat treatment with 26.1% increment from initial concentration. At the initial pH (5.5) with fermentation temperature 37 o C, the highest hydrogen production rate given by acid-heat treatment was 0.5mL H 2 /mL POME. Different for initial pH 7.0 with the same temperature, the highest hydrogen produced rate was given by base-heat treatment with 0.59 mL H 2 /mL POME. The production of hydrogen in 2L bioreactor given much higher hydrogen production compare to production in serum bottle. This fermentation was run in batch mode with initial pH 7 and control at 5.5. The maximum hydrogen produce was 4304 mL H 2 / L POME from acid-heat treatment.
Introduction
Nowadays, usage of fossil energy causes lots of enviromental pollution problems and serius energy crisis. To overcome this problem, hydrogen seems to be an alternative energy with no carbon emissions since only water develops as exhaust gas when burnt [1] and can be produced from biomass or organic waste which is available continuously. Corn stover [2] , tofu waste [3] , and cassava starch [4] , are among organic wastes used to produce biohydrogen.
In year 2009, Malaysia produce 0.6-0.65 m 3 Palm Oil Mill Effluent (POME) with every 1 ton of Fresh Fruit Branch (FFB) [5] . POME content amino acids; inorganic nutrients such as sodium, potassium, calcium, magnesium etc.; short fibers; organelles; nitrogenous constituents; free organic acids and a mixture of carbohydrates (hemicelluloses to simple sugars) [6] therefore very suitable substrate for hydrogen production. Because of its rich carbohydrate content, pre-treatment on POME are important to break-up lignocellulosic materials into simple sugar to be used by bacteria during fermentation. Various pre-treatment methods used to pre-treat lignocelluloses material are acid treatment [7] , alkaline (base) treatment [8] , and enzymatic treatment [9] .
Dark fermentation are favourable method to produce hydrogen where anaerobic bacteria utilize organic compound in the absence of light [10] . The metabolite pathway shifted the substrates to more simplest compound such as lactate, acetate and butanol when the concentration of hydrogen increase [2] . Most common bacteria used in hydrogen production were Bacillus sp. [10] , Entrobacter sp. [11] , and Clostridium sp. [12] . In this study, effect of pre-treatment on POME was investigated to observe hydrogen production rate from locally isolate Clostridium butyricum in non sterile condition.
Material and Methods
Palm oil mill effluent (POME). POME used as a substrate was collected from palm oil mill in Dengkil, Selangor. The POME collected was kept in cool room at 4 o C for further used.
Hydrogen-Producing Bacteria. Clostridium butyricum was isolated from sludge POME by previous researcher [13] . The single culture was incubated in Reinforced Clostrial Medium (RCM) plate and broth at 37 o C and maintained every 2 month.
Preparation Of Inoculums. Five colonies was taken from RCM agar plate and transfer to 100 mL RCM broth medium for preparation of inoculums. After incubate for 20 hour at 37 o C with agitation speed 150 rpm, culture was transferred to POME medium as seed culture. The culture was also incubated for 24 hour at 37 o C with agitation speed 150 rpm.
Pre-Treatment. Fig.1 shows six types of pre-treatment methods used to pre-treat POME 1M of NaOH and 1 M of H 2 SO 4 were added into fresh POME until final concentration of 0.1 M acid/base-POME mixture noted as type 2 (T2) and type 3 (T3) respectively. For type 5 (T5) and type 6 (T6), after adding with acid/base into raw POME, the mixture were heated at 80 o C for 1 hour. Whereas, POME without adding acid/base also heated at 80 o C for 1 hour (Type 4 (T4)). Type 1 (T1) work as a control in this experiment,. All POME undergone these six types of pre-treatment methods were used as substrate in this study.
Batch Fermentation in Serum Bottle. The hydrogen production experiments were conducted in serum bottle with total working volume 30ml. Total 10% (v/v) of seed culture was transferred to each treated and raw POME medium and incubated at 37 o C with agitation speed 150 rpm. The initial pH of the medium was adjusted to pH 5.5 and 7 using 2M NaOH or 2M H 2 SO 4 .
Fig. 1-Overview of hydrogen production in fermentation process from POME treatment method.
Batch Fermentation In 2L Bioreactor. Pre-treatment methods type 4, 5 and 6 was chosen for further fermentation process in bioreactor 2L with working volume 1.8L. For the bioreactor condition, the initial pH was adjusted to 7 and control at 5.5. The temperature used during fermentation was 37 o C with agitation speed at 300 rpm to facilitate rapid diffusion of hydrogen and to ensure the medium well mixing. In this research, the value of rpm has not been studied.
Analytical Methods. Reducing sugar contain in the media was analysis using DNS assay [14] , while total carbohydrate contain measured using phenol-sulfiric acid assay [15] . The amount of organic acid ware measured using High Performance Liquid Chromatography (Agilent 1100 series, Agilent Technologies, USA). For total suspended Solid (TSS), and VSS ware measured using standart method [16] . The biogas was collected using water displacement methode and analyzed using gas chromatography (GC) model SRI 8600C with HID detecter. The gas carrier for this GC is helium (MOX 99.99%) at 25 mL/min. The presure for the carrier was set at 2.7 psi while the initial oven temperature was set at 40°C. The temperature at 40 o C was holded for 5 minutes and ramped at 30 o C per minute until the temperature archieve 220 o C and holded for 10 minutes. The valve was on at 0.05 minutes and turn off at 6 minutes.
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Result And Discussion
Pre-Treatment of POME. Acid pre-treatment become the most efficiency method for hydrolying the lignocellulosic materials [7] and hasve been researched for most a decades ago. According to other researcher [8] , treatment using base can also hydrolysed lignocellulosic meterial effectively. After pre-treatment of POME with 1M acid or base, both of the mixture acid/base-POME showed the different colours changed. For acid treatment, the POME mixture become more brownish while when treated with base, the colour of POME mixture turn into black. Table 1 showed the comparison characteristics of each pre-treatment types in this study. The aim of this pre-treatment was to convert the hemicelluloses and celluloses contain in POME to simple sugar. There were many types of acid used in acid pre-treatment of lignocelluloses material such as hydrochloric acid (HCl) [17] and sulphuric acid (H 2 SO 4 ) [7] . In term of degradation of xylose, HCl was less active than H 2 SO 4 [17] , because high concentration of Clanion concentration will inhibit the growth of hydrogen-producing bacteria and lead to the decrease of hydrogen production [18 ] . To avoid any unnecessary inhibitor to the fermentation process, H 2 SO 4 was choosen as acid pre-tretment in this study. For base pre-treatment, NaOH was chosen because the fibre can be delignified up to 70% [19] . For type 4, 5 and 6, the POME mixtures were further heated at 80 o C for 1 hours. After the pre-treatment, POME were analysed for total carbohydrate, reducing sugar, and total suspended solid to observed the effectiveness of the pretreatment methods compared to raw POME (T1). T2 and T3 treatments (11.52 and 11.79 g/L respectively) gave small increment in reducing sugar compared to T5 and T6 (13.64 and 14.54 g/L respectively) when compared with raw POME (T1) (11.26 g/L). Table 1 indicated that amount of TSS reduced after the pre-treatment, directly porpotional to the increment of carbon sources in the medium. The higher increment of reducing and total carbohydrates, the lower TSS value in POME. This shows that, in presence of acid or base ion can rupture the lignin seal to simple sugar [20] . In presence of high temperature, heat can facilitate the cellulosic biomass to make cellulose more accessible to convert the carbohydrate polymersin to fermentable sugars, so the conversion became more effective [21] . Percentage increament of reducing sugar and total carbohydrates for each pretreatment methods was shown in Fig 2. The most effective treatment was acid-heat treatment (T6) where the percentage increased up to 29.1% compared to the raw POME (T1) Fig 3  shows the graph of hydrogen production at different initial pH (5.5 and 7), using local isolated 5 and pH 7) for diffrent POME treatment Clostridium butyricum. The fermentation was carried out in non-sterile condition. The result shows the maximum hydrogen production was T5 at initial pH 7. Acccording to previous researcher, the pH value lower than 5 will inhibit hydrogen production but higher production archieved at initial pH 5.5 [22] . In this study, hydrogen production was higher at initial pH 7 than pH 5.5. Acording to pevious study, fermentation process of hydrogen production will stop when pH achieved 4.4 using clostridium butyricum EB6 [22] . In this case, the initial pH 7 will have longer period to archieved 4.4 compared to initial pH 5.5. Reduction of pH value can effect the hydrogen fermentation process and undissociated form of acid will inhibit the hydrogen production [22] . With pH 7, hydrogen produce in base-heat treatment much more higher than acid-base treatment.This is because the existance of ion SO 4 2in culture medium will inhibited the growth of hydrogen producing bacteria [23] Biohydrogen Production Using 2L Bioreactor Using Treated POME. Production of biohydrogen from fermentation process was done in bioreactor 2L with 1.8L working volume as a pilot scale study. Figure 4 shows hydrogen production profile and butyric production profile for whole fermentation process. The highest hydrogen produces by acid-heat POME medium (T6), followed by base-heat (T5) and heat treatment (T4). Table 4 shows the yield of hydrogen, and butyric acid production during experiment. According to the theory, in acidogenesis phase, 1 mol of glucose will produce 4 mol of hydrogen with 2 mol of carbon dioxide in presence of 2 mol of acetic acid (Eq. 1) or 1 mol of glucose will converted to 2 mol of hydrogen with 2 mol of carbon dioxide and 1 mol of butyric acid (Eq. 2). In this fermentation process, no acetic acid was produced. This shows the fermentation process followed the Eq. 2. The highest hydrogen produce was from POME treated by acid-heat treatment (4304 mL H 2 /L POME) but the highest butyric acid produce was from base-heat treatment (7.5 g/L). The existence of soluble metabolite related to the effectiveness hydrogen production [24] .The highest production rate was from base-heat treatment at 9 hour and completes the fermentation process at 120 hour fermentation. Differ from acid-heat treatment, the highest hydrogen production rate was at 72 hour and complete the fermentation cycle at 168 hour. The hydrogen produce from POME in this research was higher than reported in other research using same culture [22] . Table 5 shows the comparison of other study on hydrogen production using POME as substrate. 
Effect Of Pretreatment and Initial pH on Biohydrogen Production in serum bottles.
Conclusion
This study exposed six different types of pre-treatment methods (raw, base, acid, heat, base-heat and acid-heat) on POME to be used as a substrate. The percentage concentration increased of reducing sugar and total carbohydrate content after pre-treatment in T6 was the highest compared to other types of pre-treatment methods (14.54 g/L and 27.19 g/L respectively). Initial pH will affect the hydrogen production in fermentation process. From this study, the hydrogen production was higher at initial pH 7 than initial pH 5.5. In 2L bioreactor, POME from T6 produce highest hydrogen (4304 ml/L POME) compared to another two types of pre-treatment methods.
